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I. INTRODUCTION
There has been renewed interest of late in the possibility that Lorentz invariance may not be an exact symmetry of nature. ' " On the experimental side, an analysis of high-energy data for the K -K system' has reported indications of an anomalous energy dependence of the fundamental parameters~z, Am, and g+ as determined in the proper frame of the kaons. On the theoretical side, various mechanisms have been . proposed for breaking Lorentz invariance at appropriately high energies and/or short distances. ' " Manifestations of Lorentz noninvariance (LNI) that have been considered to date include an anomalous energy (or velocity) dependence of some physical parameter, an apparent violation of angular momentum conservation, and violations of parity conservation.
The object of this paper is to explore another, somewhat less obvious, manifestation of LNI, namely, a breakdown of the universality of free fall (UFF), i.e. , of the so-called weak equivalence principle. The connection between LNI and UFF is of interest for several reasons: To start with, the great precision of the Eotvos-Dicke-Braginskii (EDB) experiments ' ' places strong constraints on models of LNI, as we discuss below, and these constraints will become even tighter when current experiments with increased precision are completed. Conversely, any manifestation of LNI would imply a breakdown of the principle of the universality of free fall, and hence of the equivalence principle.
A general discussion of the interrelations among the equivalence principle, UFF, Lorentz invariance, and energy conservation has been given previously by Haugan. ' For present purposes the main conclusions of that discussion can be summarized as follows: The weak equivalence principle (WEP), which is a variant of the UFF hypothesis, simply restates the null result of the EDB experiments, namely, the absence (to a great precision) of any difference in the gravitational acceleration of different test masses. However, conventional metric theories of gravity assume a stronger version of the equivalence principle in which one adds to the WEP the assumption that "the outcome of any local test experiment is independent of where and when in the universe it is performed, and independent of the velocity of the (freely falling) experimental apparatus. "' Depending on whether the "local test experiment" excludes or includes gravitational forces, the resulting equivalence principles are termed, respectively, the Einstein equivalence principle (EEP) and the strong equivalence principle (SEP) 1. As described in more detail below, we assume an effective low-energy current-current interaction at the nucleon level, which leads to a sufficiently accurate picture for present purposes. We then evaluate the invariant amplitude~arising from the diagrams in Fig. 1 A,rr(x) = [J&'(x) 
J"'"'(x ) = A~i 4ry"(1+ any g 4p+-+ A"i%'y "(1+a"y5)r"+, 
the more complex relativistic formulas. The relative momenta mj act on the internal wave functions Rk and lead to velocity-dependent corrections to the nuclear wave functions, which can be neglected for present purposes.
With the approximation of neglecting nz, the sum over I spins in (A5) then allows us to express X(1,2) and Y (1, 2) in terms of the center-of-mass momentum P. The sum over isospins can be carried out in the following way.
Consider, for example, the isospin average (T'+') of (+) ( T'+') =gg, (1) ' (1 r"r2-,)P, , P, = -,(1+v) r2), 
